ABSTRACT MAINER, A., and K. T. LEATH. 1978. Foliar diseases alter carbohydrate and protein levels in leaves of alfalfa and orchardgrass.
Foliar diseases of forage crops occur worldwide and are the greenhouse, as described previously (14) . Ninety-nine a major factor contributing to poor quality forage (9, 10). alfalfa and 66 orchardgrass plants were seeded per cart, Foliar diseases reduce forage quality by defoliation, by fertilized as needed with a soluble complete fertilizer, and inducing higher levels of undesirable constituents, and by cut back to a 5-cm height after each evaluation. Insects reducing the amount of desirable constituents.
were controlled with stubble sprays of diazinon [0,0-Different effects of foliar disease on forage quality diethyl 0-(2-isopropyl-4-methyl-6-pyrimidinyl) phosconstituents have been reported. For example, Carr (5, 6) phorothioate] and oxythioquinox [cyclic S.S-(6-methyland Isawa et al. (12, 13) reported that carbohydrates were 2,3-quinoxalinedithiol) dithiocarbonate] after plants reduced by disease, whereas Carr (5, 6) and Davies and were cut back, and with weekly foliar sprays of Williams (7) found that carbohydrate levels were higher oxythioquinox and malathion (0,O-dimethyl in diseased leaves than in healthy leaves. Protein levels phosphorodithioate of diethyl mercaptosuccinate). No were reduced by some foliar diseases (3, 4, 12, 13), but insecticides were applied for at least 1 wk before were unaffected by other diseases (19, 20) . Burton (4) and inoculation. Isawa et al. (12, 13) reported that foliar diseases caused Phoma medicaginis Malbr. et Roum. was isolated from the dry matter percentage of leaves to increase. Only alfalfa and cultured on potato-dextrose agar. Brigham (3), Carr (5, 6) and Isawa et al. (12, 13) studied Stagonospora arenaria Sacc. was isolated from orchardthe effects of different severities of disease on quality, grass and cultured on vegetable juice agar (15). Fungi The objective of this research was to compare, over a were cultured at 22 C, and irradiated for 12 hr/day with range of severities and under controlled conditions, the cool-white fluorescent light. Conidial suspensions were effect of specific foliar diseases on the protein and prepared by scraping the surface of the sporulatingfungal carbohydrate levels in alfalfa and orchardgrass leaf cultures, comminuting the scrapings in distilled water tissues.
plus surfactant (polyoxyethylene sorbitan monolaurate)
MATERIALS AND METHODS
for 20 sec, and filtering through cheesecloth. Alfalfa was inoculated by spraying 50 ml of inoculum on plants in Alfalfa (Medicago sativa L. 'Arc'), and orchardgrass each cart; orchardgrass received 100 ml of inoculum per (Dactylis glomerata L. 'Pennlate') were used in all cart. Controls received appropriate amounts of water experiments. Plants were grown in metal utility carts in with surfactant. Details for each inoculation are 00032-949X/78/000 225$03.00/0 described in Fresh plant samples were weighed, frozen in liquid leaflets were severely diseased. Phoma medicaginis rarely nitrogen, stored in a freezer, lyophilized, weighed, ground caused petiole or stem lesions. through a 0.97-mm (20-mesh) sieve, and chemically
In alfalfa leaflets rated at >80% infection level, CP was analyzed. The percentage of dry matter (DM) per 25% lower, TNC was 62% lower, and DM was 77% higher fresh weight was calculated. The percentage of crude than in healthy leaflets (Table 2) . Quality constituents of protein (CP) (dry wt basis) was determined by the alfalfa with 25-50% level of infection severity were not improved Kjeldahl method (1) and of total nonstructural different from those of the healthy controls. In orchardcarbohydrate (TNC) as described by Smith (17) . grass, TNC was not different from the healthy leaves until Two types of alfalfa samples were collected. The first infection severity reached 50% (Table 2) , but crude type consisted of hand-picked leaflets in three disease protein was significantly reduced by an infection level of classes, 0, 25 to 50, or 80% infection. The second type 20%. All levels of infection increased DM in orchardconsisted of healthy terminal shoots, produced after grass. inoculation, that were clipped as separate samples from Bulk-harvested, diseased orchardgrass was lower in diseased or healthy plants. One type of orchardgrass TNC than was bulk-harvested healthy orchardgrass sample consisted of hand-picked leaf blades categorized (Table 3 ). The percent protein reduction detected in the as to 0, 5, 20, 50, or 80% infection. Leaves with no leaf samples did not occur in the bulk-harvested samples. infection were taken only from healthy plants in the The gram yields of TNC and DM were reduced by disease control cart. A second sample type consisted of healthy in orchardgrass, but that of CP was not. young leaf blades, produced after inoculation, and
With both alfalfa and orchardgrass, the TNC and DM clipped in separate samples from diseased or healthy of healthy regrowth was the same regardless of whether plants. A third sample type consisted of all remaining the regrowth came from noninfected or infected plants. forage in each cart, bulk-harvested with shears. The fresh This was not true for CP. Regrowth from infected alfalfa weight of the harvest from each cart was used to calculate plants was 4.3% higher (P = 0.05) in CP than was the yields of DM, CP, and TNC per square meter. The regrowth from healthy plants. A similar but less analysis of variance and the LSD test were used to significant relationship occurred in orchardgrass. determine the significance of differences among treatments. DISCUSSION RESULTS Foliar diseases reduce rates of photosynthesis and protein synthesis, increase rates of transpiration and Typical discrete lesions appeared on lightly infected respiration, and cause cell necrosis (2, 11, 16, 18). Gross alfalfa and orchardgrass leaves but heavily infected leaf effects on forage quality are manifested as increased DM, tissues became chlorotic, the lesions coalesced, and some and decreased TNC and CP (2, 8). of the most heavily infected leaf tissues collapsed and Carbohydrates are readily utilized by foliar pathogens dried out in 4 to 6 days. Some heavily infected leaflets of (16) and were decreased in both alfalfa and orchardgrass alfalfa abscised before samples were collected, but entire at the higher levels of infection. This reduction of alfalfa leaves rarely abscised and only when all three carbohydrates caused by disease not only lowered the energy content of the forage, but also likely would cut sufficiently to adversely affect the quality of the forage forage yields, as evidenced by the reduced dry matter and that the loss of TNC was greater than was the loss of production of bulk-harvested, diseased orchardgrass. CP. These losses reflect only changes in constituent levels Crude protein was reduced in proportion to disease and would be much higher if defoliation were included. severity, though to a smaller degree than was TNC.
Our results support the reports of adverse effects by Possibly proteins were not readily available to the fungus disease on forage quality (3, 5). Different sampling and, thus, not utilized to the same extent as was the TNC. methods or disease levels could easily have accounted for Reduction in CP was significant at lower levels of the lack of agreement as to the effects of foliar disease on infection in orchardgrass than in alfalfa. The higher CP forage quality that is found in the literature. We would percentage in new growth from diseased plants than in expect similar reductions in TNC and CP for most foliar new growth from healthy plants could have resulted from pathogens because of their similar modes of a reduced demand for nitrates in diseased leaves, making pathogenicity and nutritional requirements. more nitrates available for protein synthesis in the new growth. Crude protein was reduced by disease in the orchardgrass individual leaf samples but not in the bulkharvested samples. 
